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Micro abstract: This study assessed physical performance and health-related quality of life
one year after lung cancer surgery and investigated the potential association between both
outcomes. We found that the walked distance was associated with the subjective perception of
the physical functioning. Patients improved health-related quality of life, reaching values
similar to a healthy reference population.
Background: Resuming an acceptable level of lifestyle and health-related quality of life after lung
cancer surgery has become an important issue. We aimed to evaluate the course of recovery of
physical performance and health-related quality of life following pulmonary resection for lung
cancer, as well as examine the potential association between these outcomes.
Methods: In an observational design, we assessed 78 individuals radically operated for lung cancer.
We measured health-related quality of life (SF-36), six-minute walk test (6MWT) and lung function
(spirometry) three weeks (baseline), four and twelve months after surgery. SF-36 values were
compared to an age- and gender-matched reference population.
Results: The mean age was 65 years (SD9), 59% were males. Thoracotomy was performed in 77% of
the cases. Compared to baseline values, we found signiﬁcant improvements after one year in SF-36.05.004
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B.C. Brocki et al.66physical and mental component summary components of large effect size (0.8 and 0.9 respectively).
Values for both SF-36 summary components were comparable to those of the reference population.
The improvement in 6MWTwas of moderate effect size (0.6). We found a positive association between
6MWT and the SF-36 domain for physical functioning (β=0.05, 95% CI [0.00;0.09], p=0.03) one year
after surgery.
Conclusion: Individuals who were radically operated for lung cancer improved health-related quality
of life one year after surgery, reaching values similar to a healthy reference population. The walked
distance was positively associated with the subjective perception of physical functioning. The clinical
signiﬁcance of these ﬁndings deserves further investigation.
& 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
As life expectancy following pulmonary resection for lung
cancer increases, the ability to resume an acceptable
lifestyle and health-related quality of life (HRQoL) becomes
an important issue after surgery and end treatment [1].
Lung cancer survivors present lower values in mental
domains of HRQoL compared to persons with other types
of cancer [2], or to the general healthy population [3,4].
Respiratory distress, rather than ventilatory impairment,
has been suggested to negatively inﬂuence several domains
of HRQoL [5,6]. Not surprisingly, a recent study found that
lung cancer survivors adopt a more sedentary activity level
six months after surgery, compared to levels prior to the
diagnosis [7].
Exercise interventions for individuals with different cancer
types are associated with beneﬁts in cardiorespiratory ﬁtness
and HRQoL [2], but there is relatively little information on
the effects of exercise training in the population after lung
cancer surgery. In a recent systematic review, the authors
identiﬁed three randomised controlled trials involving 178
patients and concluded that exercise training may potentially
increase exercise capacity, as measured by the six-minute
walk test (6MWT), following lung resection [8]. The degree of
functional recovery is an important outcome, since studies
suggest that this may be directly associated with survival
[9,10]. There are conﬂicting reports on the impact of surgery
on HRQoL during follow-up periods of six months or longer.
One review reports on partial recovery of physical function-
ing over time with no other quality-of-life scales affected
[11], while Poghosian et al. [12] report on worse or declining
physical function six months and two years after surgery.
Meanwhile, there is consistency in the literature regarding
long-term reduced mental and physical HRQoL, compared to
the general healthy population [12,13].
The main purpose of this study was, therefore, to
evaluate the course of recovery of physical performance,
lung function and HRQoL from the early post-operative
period up to one year after pulmonary resection for primary
or secondary lung cancer. Furthermore, we examined the
potential association of physical performance on HRQoL
during the follow-up period. We hypothesised that there
was an improvement in physical performance and HRQoL
over time, with a positive association between outcomes.2. Materials and methods
2.1. Participants, study design and setting
This was a single centre observational study, including 78 patients
initially recruited to a trial investigating the effects of exercise
training on HRQoL and physical performance in patients radically
operated for lung cancer [14]. Fig. 1 illustrates the study's ﬂow
chart and provides details for decision on eligibility and exclusion.
Lung resections were performed using muscle sparing lateral or
posterolateral thoracotomy or video-assisted thoracoscopy,
according to the need and surgeon's preferences. Postoperative
pain management was primarily achieved by thoracic epidural
infusion. Patients were recruited from the Department of
Cardiothoracic Surgery, Aalborg University Hospital, between
February 2006 and September 2009. The selection of the study
sample and the inclusion- and exclusion criteria has been
described in details previously [14]. In short, eligible patients
were those radically operated for primary lung cancer or solitary
metastatic lung tumour, able to understand written and spoken
Danish, living within a radius of 80 km from the hospital and who
were able to perform a 6MWT. During the ﬁrst four months after
the surgery, patients in the intervention and in the control group
participated in an exercise training program consisting of home-
based strength and aerobic exercise training supplied by up to
three individual counselling sessions with a nurse. Furthermore,
patients in the intervention group received 10 one-hour sessions
of supervised out-patient, group-based exercise training. We have
previously reported study results, where we found that supervised
exercise training, compared to unsupervised training, conferred
no additional improvement in aspects of HRQOL four months after
surgery, except for the bodily pain domain. Both groups reached
comparable values of HRQoL and physical performance one-year
after the surgery [14].
2.2. Ethics
The main study was approved by the local ethics committee
(VN/2004/72) and registered at ClinicalTrials.gov (NCT01-
048762). Written consent was obtained from all participants
prior to inclusion.
2.3. Outcomes
Physical performance, lung function measured by spirome-
try and HRQoL, were assessed three weeks after surgery
Table 1 Demographic and surgical proﬁle (n=78).
Variables Mean or n SD or %
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tively. Demographic and surgical data and the frequency of
the discussed topics during the individual counselling ses-
sions were retrieved from the medical charts.Age (years) 65 79
Males 46 59%
Co-morbiditiesa
COPD 13 17%
DM 8 10%
Ischaemic heart disease 19 24%
Heart failure 1 1%
FEV1% preoperative n=75 82.5 7 19
ASA
1 24 30.8%
2 43 55.1%
3 11 14.1%
Smoking status
Never smoked 4 5%
Current/former smoker 21/53 68%/27%2.4. Physical performance
The 6MWTwas used to assess physical performance and results
were compared to reference values [15]. The test was
performed according to current guidelines [16] in a 20 metre
corridor. Patients were instructed to walk at their fastest pace
and cover the longest possible distance in six minutes; no
encouragement was given during the test. Measurement of
peripheral oxygen saturation (Riester ri-fox Ns pulse oximeter,
Germany) was performed before and immediately after the
test. Participants were asked to rate their post-test dyspnoea
level on the Borg scale (rate 6–20) [17], with higher rating
corresponding to higher dyspnoea level.BMI 26 75
Z 30 10 15%
Length of hospital stay (days) 9.6 75
r 8 days 40 51%
Postoperative chemotherapy 34 43%
Open Surgery/Thoracoscopy 60/18 77%/23%
Resection degree
Wedge/segmentectomy 12 15%
Lobectomy 54 70%
Bilobectomy 7 9%
Pneumonectomy 5 6%2.5. Lung function
Forced expiratory volume in one second (FEV1) and forced
vital capacity (FVC) were measured; FEV1/FVC was calcu-
lated and values were compared to reference values [18].
The best of three measurements with the patient in a
standing position was recorded [19], using a calibrated
portable spirometer, the Spirovit SP-2s (Schiller,
Switzerland).Tumour type
NSCLC 65 83.3%
Metastatic tumour 10 12.8%
Other 3 3.9%
Clinical Stage for NSCLC
IA 21 32.3%
IB 18 27.6%
IIA 2 3.2%
IIB 15 23%
IIIA 7 10.7%
IIIB 2 3.2%
COPD, Chronic Obstructive Pulmonary Disease; DM, Diabetes
Mellitus; BMI, Body Mass Index (weight/height2); FEV1%,
forced expiratory volume in 1 second % predicted; ASA,
American Society of Anesthesiologists; NSCLC, Non-small cell
lung cancer.
aThe same patient may have 41 co-morbid condition.2.6. Health- related quality of life
We used the Short Form SF-36 version 2 to assess HRQoL.
The SF-36 is a generic questionnaire with 36 questions
measuring aspects of functional health and well-being
[20,21], that has been validated for pulmonary diseases
[22]. It comprises of eight domains: physical functioning,
physical role functioning, bodily pain, general health,
vitality, social functioning, emotional role functioning, and
mental health. Two summary components, each derived
from four domain scores, were calculated; the physical
component summary (PCS) and the mental component
summary (MCS). Domains and summary components were
transformed into 0 to 100. Higher scores indicate better
HRQoL. It is advised that individual and summary compo-
nent scores should the used alongside in the analysis and
interpretation of results [21]. A minimally important differ-
ence of 3 points in the SF- 36 subscales [23] or 10% for the
summary scores has been described as a clinically relevant
difference in lung cancer patients [9].2.7. Postoperative complications
Major postoperative complication was deﬁned as being
potentially life threatening or a complication requiring
reoperation [24]. Data was collected retrospectively from
medical charts.2.8. Statistics
With a sample of 78 participants, we could detect a
moderate association of 0.34 points between SF-36 physical
summary component and physical performance, on a sig-
niﬁcance level of 0.05 and power 0.80, adjusted for the
intervention and gender.
Descriptive statistics were used to characterise the study
population (mean and standard deviation (SD) or numbers
(percentage)). The t-test was used to assess changes over time
and for comparisons between the study sample and a weighted
age- and gender matched reference Danish population. Kaziz
Screened for eligibility n= 294
Enrollment 3 weeks after surgery
n=78
Participated in a randomized trial
All subjects: unsupervised home based ET
and individual counselling
Intervention group: + 10 sessions super-
vised ET
4 months follow up
n=67
6MWT n= 66
SF-36 n= 67
Spirometry n= 66
Excluded n= 93
* Declined to participate n= 92
- too tired to participate n=28
- distance n=41
- too fit/work n=15
- because of chemotherapy n=5
- not interested n=3
* Unable to perform 6MWT n =1
1 year follow up
n=58
6MWT n= 56
SF-36 n= 58
Spirometry n= 58
Did not complete testing n=11
- withdraw consent n= 8
- deceased n= 3
Did not complete testing n= 8
- withdraw consent n= 6
- deceased n= 2
Did not meet eligibility criteria n=123
- not radical operated/ cancer other sites n=51
- living >50 km from the unit n=35
- transferred to other facilities n=7
- not speaking Danish n=2 
- cognitive/physical deficits n=10
- other reasons n= 18
Fig. 1 Study ﬂow chart. Abbreviations: ET, exercise training; 6MWT, six minute walking test; SF-36, Short Form 36 Health Survey.
B.C. Brocki et al.68effect size index was calculated to quantify the size of changes
from baseline (mean baseline minus mean at follow up divided
by the baseline standard deviation) [25]. We used the general-
ised estimating equations (GEE) method [26] to assess the
association between 6MWT and SF-36's physical and mental
component summaries during the follow-up period. The GEE is
a linear regression analysis that takes into account the within-
subjects dependence of observations over time and allows for
the inclusion of subjects with missing data at each time point.
We used a symmetric correlation structure to account for
personwise repeated measures, adjusting for intervention and
gender. Similar modelling was performed for MCS and the SF-
36 domains as response variables. The intervention was
considered as a confounding factor because all participants
actually received an intervention. We adjusted for gender,
because sex differences in preoperative conditions and surgi-
cal approaches have previously been reported to affect the
outcome after surgery [20]. Finally, we considered the inﬂu-
ence of baseline variables on PCS at baseline and one year
after surgery. For that, we ﬁtted unadjusted GEE models with
PCS as the response variable and the following independent
variables: age, postoperative FEV1% of the predicted value
(FEV1%), and body mass index as continuous variables; nominalvariables were dichotomised and consisted of operation type
(thoracotomy vs. thoracoscopy), resection degree (wedge/
segmentectomy/lobectomy vs. bi-lobectomy/pneumonect-
omy), adjuvant treatment, previous cancer diagnosis, compli-
cations (1Zvs. 0), American Association of Anaesthesiologists
risk-score (ASA 1 vs. ASA 2,3) and primary cancer. Length of
hospital stay was dichotomised into: (Z8 vs.o8 days). The
assumption of normality was veriﬁed by QQ-plots of the
residuals. Results from the GEE analysis were reported as β
coefﬁcients with 95% conﬁdence intervals. Statistical analyses
were performed using the Stata 11.0 package (Stata Corp LP,
Texas, US).3. Results
3.1. Study population
Of the initially approached 171 patients, 78 were willing to
participate (46% acceptance rate). Available after four months
were 67 (86%) of the included patients and 58 (74%) one year
postoperatively (Fig. 1). Baseline and surgical characteristics
of the sample are presented in Table 1. The mean age was 65
Table 2 Outcome assessments during the follow-up period.
Outcome 3 weeks 4 months ES 1 year ES
n=78 n=67 n=58
Mean (SD) Difference from baseline Difference from baseline
Mean (SD) 95% CI Mean (SD) 95% CI
SF-36
PCS 38.9 (8.6) 5.2 (9.2) [2.3;8.2]** 0.6 7 (9.2) [3.9;10]** 0.8
MCS 45.3 (9.4) 5.2 (8.9) [2.2;8.2]** 0.6 8.1 (7.6) [5.1;11.1]** 0.9
6MWT (metre) 418 (113) 67 (114) [29;104]** 0.6 70 (140) [27;113]** 0.6
6MWT % pred 81 (20) 14 (9.6) [7.9;20.8]** 0.7 16 (12) [8.6;23.1]** 0.8
Borg exertion 11 (2.7) 0.5 (2.5) [0.39;1.3] 0.2 0.6 (2.9) [0.4;1.5] 0.2
Lung volumes
FEV1 (liter) 1.8 (0.56) 0.16 (0.57) [0.02;0.35] 0.3 0.1 (0.58) [0.09;0.3] 0.2
FEV1% pred 66 (17) 6 (18) [0.21;12]
* 0.4 4 (18) [2.2;10.5] 0.2
FVC (liter) 2.7 (0.74) 0.37 (0.81) [0.12;0.63]** 0.5 0.43 (0.82) [0.16;0.7]** 0.6
FVC% pred 78 (19) 11 (20) [4.3;17.6]** 0.6 12 (20) [5.7;19]** 0.6
SD: Standard deviation; ES: Effect size; 6MWT: Six-minute walk test; SF-36: Short Form 36 Health Survey; PCS: Physical Component
Summary; MCS: Mental Component Summary; FEV1: Forced expiratory volume at 1s; FVC: Forced expiratory capacity; ES Effect size
(values of 0.20–0.49 are considered small, 0.50–0.79 as moderate and effect size valuesZ0.80 as large). Statistics: t-test based on
generalised estimating equations regression.
npo0.05.
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Fig. 2 SF-36 subscales and component summaries. Comparison between values for the study population one year after surgery and
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BP: bodily pain; GH: general heath; VT: vitality; SF: social functioning; RE: role emotional problems; MH: mental health; PCS:
physical summary component; MCS: mental summary component.
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procedure performed (77%, n=60). Twenty-nine patients
(37.2%) developed at least one postoperative complication,
the most common being pneumonia (n=13, 16.6%) and atrial
ﬁbrillation (n=13, 16.6%). Table A1 (appendix) shows type andfrequency of postoperative complications in the study popula-
tion. Postoperative complications were signiﬁcantly associated
with higher ASA risk-score (ASA 3 n=7 (24.1%), ASA 2 n=18
(62.1%) vs. ASA 1 n= 4 (13.8%), p=0.004). Disease recurrence
after one year was 12.8% (n=10); one- and ﬁve years survival
B.C. Brocki et al.70were respectively 93.6% (73 of 78) and 53.8%
(42 of 78). Fifty percent (n=7) of the patients withdrawing
consent have not had any postoperative complications and the
most common reasons for withdraw were cancer recurrence
(n=6, 43%) and side-effects of chemotherapy (n=2, 14%).
Individual counselling sessions were conducted for 34 partici-
pants, ranging from one (n=16) to nine counselling sessions
(n=1). Pain was the most common topic, discussed in 26 of the
sessions.Table 3 Variables associated with the SF-36's Physical Compon
Three weeks after surgery n=78 β – coefﬁcient
6MWT 0.28
FEV1 % pred 3 weeks postop. 0.15
Hospital stayr8 days 4.14
Thoracotomy 4.92
Resection degree 2.87
Postoperative complicationsZ1 3.77
Previous cancer diagnosis 2.29
ASA 1.33
One year after surgery n=58
Postoperative complicationsZ1 1.6
Thoracotomy 5.51
Previous cancer diagnosis 5.74
ASA 4.94
Abbreviations: 6MWT, Six minute walk test; FEV1% pred, Forced expir
Society of Anesthesiologists.
Statistics: Unadjusted generalised estimating equations.
npo0.05.
Fig. 3 Scatter plot for the association between 6MWT and SF-36 d
positive association between both variables, β 0.05, 95% CI [0.00;03.2. Changes in outcome measurements over
time
We found a signiﬁcant improvement in PCS and MCS across the
follow-up period of large effect size, 0.8 and 0.9, respectively
(Table 2). We also detected signiﬁcant improvements in 6MWT
of moderate effect size (0.6), while the perceived Borg
exertion under the 6MWT was unaffected. Compared to the
reference population, the 6MWT was 97% of the predictedent Summary.
95% CI P-value Wald Chi2
0.01;0.43 0.001n 12.11
0.04;0.25 0.005n 7.98
0.46;7.82 0.027n 4.88
9.28;0.56 0.027n 4.9
2.34;8.08 1.16 1.16
7.6;0.05 0.05 3.73
6.22;1.83 0.285 1.14
-5.42;2.76 0.525 0.405
6.57;3.37 0.528 0.39
0.82;10.21 0.021n 7.94
1.2;10.2 0.012n 6.51
8.23;1.64 0.003n 8.61
atory volume in 1 second as % of predicted value; ASA, American
omain of physical functioning one year after surgery. There is a
.09], p=0.003; Spearman rho correlation 0.468, p=0.000.
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signiﬁcant improvement in FVC from baseline to four months
and one year after surgery (0.3770.98 litres 95% conﬁdence
interval (CI) [0.12;0.63]; 0.4371.06 litres (95% CI [0.16;
0.71])), respectively), while values for postoperative FEV1
remained stable throughout the follow-up period. Fig. 2
illustrates a comparison of SF-36's domains and summary
components between the study sample and the weighted
age- and gender-matched reference population at the one-
year follow-up. The study sample's mean scores were signiﬁ-
cantly higher for role emotional functioning (87.3722.7 vs.
80.9710.2) (p=0.05), but lower for vitality (63.2718 vs.
68.574.7) (p=0.03) and for mental health (73.8713.7 vs.
8271.9) (p=0.00) points respectively (Fig. 2). There were no
signiﬁcant differences in PCS or MCS between the study sample
and the reference population.
3.3. Associations with health-related quality of
life
At baseline, higher values of 6MWT, postoperative FEV1%
and length of hospital stayr8 days, were associated with
better PCS scores, while thoracotomy was negatively asso-
ciated with PCS (β-4.927, 95% CI [9.28;0.56]). After one
year, thoracotomy and previous cancer diagnosis were
associated with better PCS scores (β 5.51, 95% CI [0.82;
10.21] and β 5.74, 95% CI [1.2;10.2]) respectively, while ASA
was associated with lower PCS scores (β 4.94, 95% CI)
[8.23;1.64] (Table 3). We found no association between
6MWT and PCS or with MCS over time, while we detected
positive associations between 6MWT and some domains of
SF-36 at different time-points. At the four-month follow-up,
6MWT was associated with role emotional (β 0.06, 95% CI
[0.00;0.11]) and with physical functioning one year after
surgery (β 0.05, 95% CI [0.00;0.09]). Fig. 3 illustrates the
one-year association and Table A2 (appendix) associations
between 6MWT at baseline and changes in SF-36 domains
and summary scores over time.
4. Discussion
The main ﬁndings in the present study were of a signiﬁcant
improvement in physical performance of moderate effect
size, as well as improvements in physical and mental
component summary scores of SF-36 of large effect size.
Physical performance was positively associated with the SF-
36 domain of role emotional four months after surgery and
with physical functioning one year after surgery. To our
knowledge, the association between 6MWT and domains of
SF-36 has not been reported previously.
The effects of exercise interventions for patients surgi-
cally treated for lung cancer have been evaluated in two
systematic reviews, the ﬁrst including only randomised
controlled trials (RCT) [8], the second also including non-
RCTs [27]. Both reviews concluded that exercise training,
compared to usual care, might potentially increase the
exercise capacity of people following pulmonary resection
for lung cancer. Meanwhile, they reported no effect of
exercise intervention in HRQoL. We have previously
reported that the population in our study participated in a
RCT investigating the effects of non-supervised versussupervised exercise training and that results from the study
suggested a faster recovery of functional health domains in
favour of the group with supervised exercise training four
months postoperatively [14]. Although the present study
design was not aimed at evaluating the effect of the
intervention, it is noteworthy that all participants achieved
improvements in physical performance and HRQoL of
moderate-to-large effect sizes one year after surgery,
values that were comparable with a healthy reference
population. This is in contrast to literature reporting lower
physical and mental HRQoL post-surgery, compared to the
general population [12,24]. This might suggest the effec-
tiveness of unsupervised exercise training. However, it is
important to take into consideration the low acceptance
rate (46%) for entering the programme and the possibility
that participants were those already motivated towards
being physical active.
To our knowledge, there is no published research inves-
tigating the long-term association of physical performance
and HRQoL after lung cancer surgery. The ability to ambu-
late is a prerequisite for performing daily living and leisure
activities, inﬂuencing functional recovery as well as physical
and mental aspects of well-being. This explains why
patients in the postoperative period perceive physical
debility as a far more important and undesirable outcome
than pulmonary complications [1]. Furthermore, physical
activity is reported to be associated with increased HRQoL
[28,29]. Solberg et al. [29] described a signiﬁcant associa-
tion between improvement in physical activity and HRQoL in
a large sample consisting of 1937 individuals at an average
of 4.2 years post-diagnosis. Participants who reported
increased physical activity levels also reported increases
across all domains and overall HRQoL, while a decrease in
physical activity was followed by impaired physical and
mental well-being.
The increasing survival rate following curative lung
cancer surgery highlights the importance of patient-
centred outcomes, such as HRQoL and physical perfor-
mance, since both can have prognostic values. A 10% decline
in the SF-36's physical summary component six months after
surgery, compared to pre-operative values, has been
reported to be associated with an 18% higher risk of death
[9]; every 50-metre increase in 6MWT after surgery has also
been reported to be associated with a 13% death risk
reduction [30]. Meanwhile, only one-third of patients
engage in sufﬁcient physical activity during the early post-
operative treatment period, with a tendency towards a
sedentary lifestyle in individuals with more comorbid con-
ditions or poorer preoperative lung function [29]. Thus, a
delayed recovery may play a negative role on patient's
ability to return to normal daily living activities, subse-
quently affecting survival.
Several researchers have investigated the short and long-
term changes in HRQoL, as well as associations with patient
characteristics, surgical and postoperative variables follow-
ing lung cancer surgery. Our ﬁndings of improvement in the
mental aspects of HRQoL following lung cancer surgery are
in line with results from two published reviews of literature
reporting overall stable or improved postoperative mental
HRQoL [11,12]. Meanwhile, there is some inconsistency in
the aforementioned literature regarding the course of
recovery for the physical aspects of HRQoL. Poghosian
B.C. Brocki et al.72et al. [12] described that treatment for lung cancer had an
adverse effect on the physical aspects of HRQoL, especially
in the physical performance domain. The results showed
that 67% of patients had stable or improved HRQoL six
months after surgery, compared to the preoperative values,
while a decrease in physical function was found in a follow
up period of two years. Brunelli et al. [11] concluded that
only patients subject to pneumonectomy had a permanent
decline in the physical and emotional domains of SF-36. We
found no association between resection degree and PCS
either at baseline, or one year after the surgery, but that
might be due to the small number of participants in our
study that underwent pneumonectomy or bilobectomy.
Our study sample was comparable to similar published
studies investigating long-term outcomes following lung
cancer surgery concerning cancer staging [24,31], age (65
vs 64.5 [24] and 63.6 [31] years) and ﬁve years-survival
(53.8 vs 51.2% [24] and 47% [31]). Conversely, our patient
group presented with higher incidence of postoperative
complications, 37.2% vs 20.9% [24]. This might be explained
by a relatively higher presence of comorbid conditions in
our study population (66.2% vs. 40.8% [24]). Indeed, our
ﬁndings of a negative association between ASA 2–3 and PCS
scores one-year after surgery support the existing knowl-
edge of impaired long-term HRQoL in the presence of
comorbidities [6,12].
We found that thoracotomy was negatively associated
with PCS three weeks after surgery, while a positive
association between thoracotomy and PCS was detected at
the one-year follow-up, suggesting a later recovery of PCS
following thoracotomy. This is consistent with reports of a
faster recovery of HRQoL after thoracoscopy, compared to
thoracotomy, three months after surgery, with no signiﬁcant
differences between groups after one year [32]. However, it
should be noted that our data also suggested that 6MWT,
postoperative FEV1%, ASA scores 2–3 and length of hospital
stay shorter than eight days could be of predictive value for
PCS after surgery. Our study does not have the appropriate
sample size to allow for adjustment of multiple confoun-
ders. Neither was the study designed to determine the
inﬂuence over time of surgery type and co-morbid condi-
tions on functional outcome and HRQoL after lung cancer
surgery. Further research with a larger sample is needed to
elucidate this issue.
Women and men undergoing surgery for lung cancer differ
with regard to preoperative characteristics and comorbid-
ities; women are younger than men, have signiﬁcantly less
history of coronary artery disease and undergo resection to
a lesser degree because cancer is detected at an earlier
stage. Therefore, we chose to adjust for gender in the
analysis of associations between physical performance and
SF-36 domains and component summary scores. We found an
association between 6MWT and role emotional four months
after surgery and with physical functioning at the one-year
follow-up. Thus, an increase in 70 metres in the walking
distance (mean increase in 6MWT after one year shown in
Table 2) would be associated with a signiﬁcant and clinically
relevant increase in physical functioning of 4.2 points one
year after surgery, regardless of gender. The role of gender
in short and long-term HRQoL is still unclear. One study
reported that males had better mental HRQOL compared to
women [6], while others reported no gender differences[9,13,33]. Qualitative research could provide a better
understanding of gender differences in the perception of
mental and physical aspects of HRQoL, as well as the impact
of physical performance on daily living activities following
lung cancer surgery.
Older lung cancer survivors may in particular beneﬁt of
exercise training interventions, since they report less
engagement in leisure walking [28]. Older individuals may
have a higher comorbidity rate and impaired mobility,
subsequently engaging in lesser moderate-to-strenuous
daily living activities. That might contribute to a negative
spiral of gradual deconditioning and lesser physical activity.
Future research should focus on deﬁning subgroups of
patients who need tailored rehabilitation interventions, as
well as the development of appropriate screening tools for
identifying individuals at high risk for distressed mood or
initial low levels of physical functioning.
The present study has some limitations. First, the number
of participants is small, lacking power for multivariate
analysis of predictors of postoperative mortality or the
inﬂuence of comorbidities and postoperative complications
on the course of changes in physical performance and
HRQoL. Another major limitation is the lack of preoperative
data on study outcomes making it difﬁcult to evaluate the
degree of recovery, since enhanced physical performance
and HRQoL one year after surgery might just be the natural
course of recovery. Assessment of exercise capacity either
by cardiopulmonary exercise testing, stair-climbing test or
6MWT is not routinely performed in our unit in the pre-
operative evaluation of patients referred to pulmonary
resection. However, Arbane et al. assessed a similar popula-
tion before and four weeks after the surgery and found that
most participants recovered their preoperative walking
distance and quality of life [34]. Additionally, the use of a
generic quality-of-life measurement, such as the SF-36,
limits the study since the use of cancer-speciﬁc question-
naires could have covered disease-speciﬁc symptoms. We
chose the SF-36 because this questionnaire is widely used in
clinical research and provides norm-based reference values,
thus allowing for cross-study comparisons. Furthermore, the
SF-36 is sensitive to detecting changes in physical function
domains [23] because it covers many aspects of physical
functioning [35], thus being suitable for analyses of associa-
tions with the 6MWT, the secondary aim of our study. Finally,
we were not able to assess individual demographic and
postoperative data of all patients operated in our unit
during the study period, what might have provided with
useful information for comparisons with similar published
studies.5. Conclusion
This study provides contributions to clinical care regarding
the trajectory of recovery of physical performance and
HRQoL after pulmonary resection for lung cancer from the
early postoperative period up to one year after surgery.
Moderate improvements in physical performance and large
improvements in HRQoL were found one year after pulmon-
ary resection. The clinical signiﬁcance of these ﬁndings
deserves further investigation.
73Improvements in physical performance and health-related quality of life one year after radical operation5.1. Clinical key points As life expectancy following pulmonary resection for lung
cancer increases, the ability to resume an acceptable
lifestyle and health-related quality of life become
important issues after completed treatment. Our study reports of a signiﬁcant increase in the walked
distance and health-related quality of life one year after
surgery. For the latter, values were comparable to a healthy
reference population. An increase in the walked distance
was positively associated with higher values of the physical
functioning domain of health-related quality of life.Table A1 Type and frequency of postoperative complications in the study population (n=78).
Complication n (%)
Pneumonia 13 (16.6)
Atelectasis needing toilet bronchoscopy 1 (1.2)
Reoperation
Bleeding 1 (1.2)
Air leak 1 (1.2)
Prolonged air leak (Z7 days) 7 (8.9)
Air leak, need additional pleural drainage 2 (2.5)
Respiratory failure, need ventilator assistance 1 (1.2)
Wound infection needing revision 2 (2.4)
Postoperative atrial ﬁbrillation 13 (16.6)
Patients with complicationsª 29 (37.2)
ªSome patients had several complications.
Table A2 Associations between 6MWT at baseline and changes in SF-36 over time.
SF-36 domains 3 weeks Change baseline – 4 months Change baseline – 1 year
Mean/(SD) Mean/(SD) β coeff 95% CI Mean (SD) β coeff 95% CI
Physical functioning 59.7 (24) 7.4 (7) 0.03 0.01;0.07 10 (10) 0.05 0.00;0.09n
Role phys functioning 34.1 (27) 21.3 (31) 0.05 0.01;0.11 30.1 (35) 0.05 0.02;0.11
Bodily pain 45.7 (26) 22.4 (31) 0.02 0.04;0.07 29.7 (30) 0.04 0.02;0.09
General health 67.4 (20) -0.3 (16) 0.02 0.02;0.05 2.8 (18) 0.01 0.03;0.05
Vitality 45 (17) 15 (18) 0.01 0.03;0.04 17.5 (20) 0.02 0.02;0.06
Social functioning 73.7 (28) 11.2 (28) 0.02 0.02;0.07 17.2 (30) 0.02 0.03;0.06
Role emotional 55.3 (34) 16.8 (38) 0.06 0.00;0.11n 30 (39) 0.04 0.01;0.1
Mental health 60.9 (17) 7.8 (19) 0.00 0.03;0.03 11.5 (15) 0.01 0.04;0.02
PCS 38.9 (9) 4.8 (9) 0.01 0.01;0.03 6.5 (10) 0.02 0.00;0.04n
MCS 45.3 (9) 4.9 (10) 0.00 0.01;0.02 7.6 (9) 0.00 0.02;0.02
Abbreviations: PCS: physical component summary; MCS: mental component summary. Statistics: generalised estimating equations,
adjusted for gender, intervention and time interactionnp valueo0.05. These data are relevant with regard to patients' expecta-
tions of recovery after radical operation for lung cancer.
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